Hydration and stability of nucleic acid bases and base pairs.
Empirical, quantum chemical calculations and molecular dynamics simulations of the role of a solvent on tautomerism of nucleic acid bases and structure and properties of nucleic acid base pairs are summarized. Attention was paid to microhydrated (by one and two water molecules) complexes, for which structures found by scanning of empirical potential surfaces were recalculated at a correlated ab initio level. Additionally, isolated as well as mono- and dihydrated H-bonded, T-shaped and stacked structures of all possible nucleic acid base pairs were studied at the same theoretical levels. We demonstrate the strong influence of a solvent on the tautomeric equilibrium between the tautomers of bases and on the spatial arrangement of the bases in a base pair. The results provide clear evidence that the prevalence of either the stacked or hydrogen-bonded structures of the base pairs in the solvent is not determined only by its bulk properties, but rather by specific hydrophilic interactions of the base pair with a small number of solvent molecules.